Posture can be described as movement in miniature. The muscular activity of posture is intermittent and variable, in order to maintain stability in accordance with the mechanical needs of the situation, in much the same way as the muscular activity of voluntary movement is continually adjusted throughout the movement according to the mechanical needs of the action. All movement and posture take place in accordance with the laws of physics, as was implicit in many of the ideas of earlier workers in this field like Borelli (1680) , Winslow (1756) , Duchenne (1867) and Beevor (1904) . To this classical mechanical concept must be added the idea of a general principle of minimum effort, which is departed from, however, in certain diseases of the neuromusculature and in conditions of psychological stress such as anxiety.
If enough were known about the time course of any particular posture or movement, it would undoubtedly be possible to say which muscles are involved and to what extent at any moment during the course of the action, but it would need a computer to handle the problem. In the present state of knowledge, in order to determine what are the muscular activity patterns for any particular movement, experimental techniques must be employed to record muscle action, for example by the use of electromyographic recordings.
In any particular work situation, posture and movement are determined in part, and sometimes in large part, by the layout of the work space and by the design of the machinery and equipment being operated. This is true as much for the motor car driver as for the factory worker.
By observation and by means of simple demonstrations it can readily be seen that the postures adopted by different parts of the body are interrelated. Thus the fixing of, say, lumbar posture to an extent limits both head and neck posture and leg posture. In the motor vehicle the most suitable starting point for consideration of the ideal posture is probably the position of the eye in space. This helps to fix head and neck posture which, in turn, limits lumbar posture and leg posture.
For example, when a driver sits high above the road, as in a lorry, his line of sight is obliquely downwards towards the road ahead. This results in some flexion of the neck and flexion of the trunk, i.e. a tendency towards the slumped position of the trunk. A sports car driver, sitting much lower down on the road, has a line of sight almost parallel with the road. This results in a more erect posture of head, with extension of the neck and some lumbar concavity, i.e. extension of the trunk. These are normal and natural adjustments of posture which can be readily observed in experimental situations.
Consideration of these postural adjustments makes it difficult to escape the conclusion that, for motor car seating, some degree of support for the lumbar concavity seems desirable, on the assumption, however, that steering wheel and pedal positions do not demand postures in conflict with this. Lumbar support is not a prominent feature of motor car seating in general and it is worth noting that there are several accessory backrests and supports on the market which claim to remedy this shortcoming.
There is very little direct experimental evidence from studies made in actual driving situations in the motor car to support this conclusion. In studies in my own laboratory (unpublished) we did not succeed in relating the degree of activity in trunk and neck muscles to seat characteristics. We did obtain some evidence, however, from subjective preferences, derived from studies of seats which were modified so as to give some measure of lumbar support.
There is a considerable body of anecdotal evidence to be found in the motoring magazines. This should not be ignored entirely, but, on its own, cannot be taken too seriously. In association, however, with the other evidence referred to, some weight can clearly be attached to it.
In field trials of a number of motor car seats we found that differences which were clear cut and significant in laboratory experiments disappeared under field conditions. These particular experiments were not directly concerned with the question of lumbar support. The results suggest, however, that differences between seats need to be considerable in order to be appreciated by the driver under traffic conditions on a shortterm basis, i.e. up to half an hour. Evidence from studies made by the Ford Motor Company, reported recently to a symposium on Ergonomics and Safety in Motor Car Design at the Institution of Mechanical Engineers (Cooper & Hall 1966) , suggests that prolonged exposure under field trial conditions does enable a driver to distinguish small differences between seats. Moreover, lumbar support was preferred in the road trials. This all adds up to a strong belief, based on considerations of body mechanics, seating comfort and subjective preference, that lumbar support is desirable in motor car seating, but the case cannot at present be put much more strongly.
One of the factors in vehicle seating which is clearly able to exert considerable influence on posture is the softness or hardness of the seat. In studies in my laboratory (Stone 1965) we have tried to determine subjective preferences for the softness/hardness factor in seating as part of an approach to the general problem of the assessment of seating comfort. The essence of the problem lies in the difficulty of defining comfort absolutely. People can, however, make judgments that one seat is more or less comfortable than another and on this fact a simple experimental method can be based. We desired to know: (1) Whether there is any agreement on subjective preferences for seats. (2) If the physical properties of preferred seats can be described.
In our experiments the seats were placed in pairs on a wooden platform which was constructed so that they were at the same height and angle as they would be in a vehicle using that kind of seat. There were eight different types of seat and the pairs were made up in all possible combinations.
Twenty subjects took part in the sitting trials. They were instructed to sit on each one of every pair of seats and to state which one of the pair they preferred with regard to the comfort of the cushion, taking into account only the compressibility of the cushion.
The reliability of the judgment was tested eight months later when fifteen of the original subjects were asked to rank the seats as before.
The results for the second testing differed only very slightly from the original results, thus showing that the technique was highly reliable.
The experiments showed that: (1) A highly significant agreement can be obtained amongst subjects on their judgments of motor car seats presented in the manner of the experiment. (2) The subjects maintained their criteria of comfort over a period of eight months.
When the results of the experiment are compared with measurements of softness/hardness as determined by physical measurement of the seats, i.e. load-deflection curves, it is seen that most people prefer a harder cushion. This result appears to be consistent with the well-established idea that body weight should be supported on the ischial tuberosities. It has also been maintained that the skin and subcutaneous tissue overlying the ischia are well adapted to withstand pressure and that this is not so over the general surface of the thigh. With soft cushioning pressure is widely distributed over the thigh whereas with hard cushioning the pressure is more locally distributed.
It is interesting to compare these results with those obtained in the study by the Ford Motor Company already referred to. The optimum preference pattern of pressure distribution on the cushion obtained in road tests shows a symmetrical pattern with some degree of concentration of gradient in the ischial zones. This optimum pattern is what would be expected from the harder seats amongst those used in our experiments. Car salesmen claim that to sell a car they need the soft, lush seat cushion which envelops, but perhaps this is an aspect of seating for the psychiatrist to explain! (The Rover Company Limited, Meteor Works, Solihull, Warwickshire)
Safety in Car Design
The subject of safety in car design must be divided into two parts: (1) The design of a vehicle which will be less likely to have accidents, otherwise known as 'primary safety'. (2) The design of a vehicle which will minimize the risk of injury to any who are involved in vehicle accidents -'secondary safety'. Primary Safety It is generally agreed that prevention is better than cure, and as far as primary safety is concerned I believe that the British motor industry has done at least as much as that of any other country to provide vehicles that steer, handle and brake properly. It is worth considering some of the factors which, all other things being equal, make a car less likely to have accidents.
Steering and handling: The steering and handling characteristics of nearly all modern cars are such that the driver seldom loses directional control of the vehicle. In the past, if one went round a corner too fast, then either the front or the rear of the car was apt to slide and only a skilful driver could regain directional control. Nowadays most cars have stable steering characteristics and if the car is cornered at speeds above the limit of adhesion between the tyres and the road it will normally slide sideways but remain pointing in roughly the desired direction.
Brakes have improved enormously over the past few years, both in terms of pedal effort and resistance to fade. More cars are being fitted with disc brakes, and various innovations to avoid the locking of wheels are actively under development.
One should also not forget that the reduction in weight made possible by new methods of construction is a major contribution towards improved braking.
Acceleration of all types of car has improved and, once again, all things being equal, this must increase the safety factor both in terms of the reduction in frustration, and the ability to 'accelerate out of trouble'.
Lighting: All types of vehicle lighting have improved and the standard of illumination and lack of dazzle provided by modem headlamps, properly adjusted, is of a very high order.
Tyres: The improvement in the construction and materials used for tyres has been most marked over recent years, although this has largely been taken for granted by the public. I would suggest that most average drivers vary their speed and general road behaviour very little as between wet and dry roads. Not so many years ago driving in the wet not only involved severe limitations, but there remained a very real danger of skidding.
Secondary Safety
These improvements in the design of cars assist in the prevention of accidents, all other things being equal. Unfortunately, all other things are not equal and it is undoubtedly true that the public tend to 'take up the slack'. Thus, if you make cars which will go round corners fast, then they will drive round corners fast, and there is no gain in the safety factor. There may even, in fact, be some loss, since the driver's reaction time remains the same. A car designer might well claim that he does not design his cars for people to have accidents in them, and it is undoubtedly true that nothing the car designer can do will eliminate accidents or injury. Road users could make a far greater contribution. There is also a theory that as you make cars stronger and less likely to cause injury in an accident, and if you provide safety harnesses, you will inspire excessive confidence in drivers. It is arguable that if they were surrounded by sharp edges in a very weak structure, this might well persuade many drivers to be a great deal more careful.
The car industry has recently, however, seriously turned its attention to the avoidance of injury in the event of an accident. One of the first problems encountered here is the direct conflict between building cars which take up the minimum space on the road for a given number of passengers, and safety. Obviously, if a vehicle was constructed the size of a bus and a single occupant was placed in the exact geometric
